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Defonoatlon of Steel During Chemlco -Thermal Treatment - Carturlzlng 
and Mltrldlnga 


P^e 


Ternory and Quaternaary Syotem 


lo So Fo yur*yev; Deformation of Steel During Cheinlco--TUCTJwal Treatment - CarbxurlzlDg 
and tJltrldlng o Moscow (1950) • 311 pp. — - 

a. A thou^t-provoking and fascinating, although rather frustrating, hook. 

(1) First consideration is given to the ••laws*' governing the diffusion of carbon 
or nitrogen into steel® Neither the carhuriaed nor the nltrlded case, how- 
ever^ exists alone as a homogeneous unit* Fach has a gradient of carbon or 
nitrogen and each is In intimate contact with a core having a different com- 
position* Case and jcore, consequently^- mutually affect each other *s be- 
havior and properties ^ One result of this interaction Is the formation of 
certain residual stresses, which place the case in compression and the core 
in tension in the finished port. (These smface con^ressive stresses are 
believed the cause of the iii 5 )roveinent in properties such as fatigue strength 
and notch sensitivity brought about by carburizing or nitriding.) Yur'Yev 
then turns to a detailed analysis of the effect of many factors on size 
changes and residual stresses during carburizing and nitridiug- Nitriding 
represents the simpler case, since the stresses ere set up during the nitrid- 
ing operation itself and no further treatment is needed* The picture is far 
more complex and less easily resolved with carburized ports, as they require 
hardening subsequent to the carburizing operation to develop thQ, reqxiired 
properties; the surface compressive stresses arise only during the final 
liardening at temperatures below about 93^/^020 F* 
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(2) 


Most or the data appear ori{;inaI despite the 193 reference^ fn-Te -r,™ 
1 '?^ are non-Russian; about half of these are vrLinLo ) 

.orlc .as done predominantly .rth a. 

nao, however, made ingenious use of some other te-lmio v- ' «■ -u “ y - 
tensile specimens to determne the mechanical nrope-^ie: at 
tures Of case and core during cooling from the* 


25X1 

. This hook seems 

( 1 ) The title is soniewha' 


j 


;o liave cei'taan basic \veaicnesses . 
misleading. 


( 2 ) 


easily understandable to a wider audience if much , ^ r 

data and mathematical derivations had been placed in appendi res!"^ ‘=-->-peri mental 

( 3 ) It is not clear how Yur'Yev's data could be auDiied ro 

as gears, which make up a -sizeable •orornvi-iof'^y 1” f ‘-'S'-' par ts, such 
and nitrided parte. pioportion ox tne tonnage of c^-burized 

( 4 ) l-he value of the book would have been greater if mov-e . w ^ 

paid to actual mechanical and metallur£cal 
aervi.ee performance - of carburized and nl ti ?derpa.cts . ' 

doubt^irto'^ihraL^lcrof^th^derived 

methoL'?^''^°”“ conventional but likewise mo.;e''co;p.i.rca-:ed''tist 

g^face Stressing: of Metals . ASM ( 1947 ). 197 pp, 

Sj^poalum on Internal Stresses in Metals -and Allovc. th.. 

Institute Of Metals (194o). 5 re"pp;~ — i- ■ 

Residual Stres s Measurements . ASM ( 1992 ). aiO pp, . 

and E. S. Rowland: X-ray ifeasaremem-. c-- 
a-n H araened High Carbon Steel. TAsiTT^- 
(199^) pp. 538/ 66b; disc. 666/076. 

basic problem of hea.t-to-heat variation i‘=- nor -ri-r-r- r,.n 
we.re involved. Therefor'p i-Vnava -j - -t ---;) ai.. ..v., .i . , . 3':-.TCLxcri;r: 

.. fo- « . «S' 

=wilt, and irSioy"f '>«»— 

S“ioS 

ol-ter ruas,, „eM,a„s, or ro lo^v, only K~™cr“;'’gn“ 'SlJS^ 


( 6 ) 


distinguish adsauately between distortion and 
\oJ.Lime changes, which arise irora diTTerent causes- 
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(2) Yvr'yiiY does not tolce into consideration other lactors, such as hordenahility 
and modified quenching jjractices, that are of vital importance. The foreword 
by N. T* Gudtsov also hints that yur*yev does not cover the practical methods 
used to control size chdnge. 

(3) Some of the factors not 'considered by Yur*yev are discussed by Hense, lilller 
and Schenck of Buick Motor Division of General Motors Corp: 

*‘In the hardening of automotive gears it is desirable to produce the 
required physical properties with the least dimensional disturbance. 
Distortion can be caused by stresses from machining, non-uniform heat- 
ing and corburizinsl, and variation in the hardenability of the steel. 

I . 

"The maintenance of | uniform distortion during the heat treating operation 
is, vrlthout a doubtj, the most important factor in the production of high 


quality gears . The 
necessary, to allow 
control the quality 


d. 


tooth cutting is changed on the drive pinion, as 
for distortion during heat tr eatment . . . In order to 

I oi* bhe gears coming from the heat treating operations . 

it is necessary to run pilot lots of each new heat to determine the dis- 
tortion choracterisyics » At the same time it is necessary to run dally 
checks pn production to control the quality of parts coming from the heat 
treat... The variation in hardenability from one heat of steel to another 
makes control a necessity, ^d the narrower the hardenability spread of 
the steel, the better chance the metallurgist has to produce uniform 
gears ... | 

"Experience has shovm that a factor Influencing distortion to a very 
marked degree is the: carbon content of the carburized case . The maxlraum 
carbon content of th,e case has an effect upon the hardeimbility which, in 
turn, influences dimensional changes during heat treatment.*' 

V» E. Hense, II. | H. Miller and R. B. Schenck: Economics of 
Automotive Gearj Steels and Thei r Heat Treatment! SAE ureDrint 
kbl (1950). ^^rpts in sae j (l950) no.' lo, pp. 25/2^. 

(^J-) In the case of nitrided parts, Yur*yev does not consider adequately the effect 
of microstructure nor the I fact that size change may be greatly affected if the 
white layer" is ground off after nitriding. 

Althougli the general distribution of residual stresses in carburized and nitrided 

surmised, very little comprehensive information has been published in 
this field. (A large port of the previous work is covered by the following references.) 
Moreover, as pointed out by Hoa-ger, the subject of residual stiesses due to carburizing 
has generally been oversimplified. Yur'yev's book is a distinct contribution 

J. O. Almen: Fatigue of Metals as Influenced by Design and 
Internal Stres sbs. Surface Stressing of Metals. ASM 7lQk7) 

TO. 33/bii- r ^ 


J. O. Almen; Fatigue WeoJeness of Surfaces. 
21 ( 1950 ) no. iij, pp. 117/140. 


Product Engineering 


0. J. Horger: Rjesldual Str esses. Handbook of Experimental 
Stress ATialysi^ New York (I 950 ) p^. 59/575. 

D. G. Richards: ^ Relief and Redistribution of Residual Stresses ■ 
in Metals . Residual Stress Measurements . (1952y'pp. 129 / 195 , 
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(1) A^aln, however, Yur*yev has passed over some factors, of vital practical Im- 
portance, such as hordenahlllty, as discussed by Boegebold: 

’’Success of cax’biirlzed rear axle gears depends glLso upon a highly 
uniform shape of teeth to insure uniform load distribution, along 
with high residual compressive s-^esses in the case to oppose the 
stresses from externally applied loads. • .to oji^^n favorable 
stresses. . .it is necessary to control hardenabillty within narrow 
limits. ..This some control of hardenabillty will also assist in 
imiformity of size change (distortion from hardening) which con 'be 
compensated for when cutting the ge^ teeth in the green. The 
volume changes associated with tifansf^ormat ion in the case and core, 
therefore, must be held as u^fonu as possible, j both as to magnitiide 
and sequence. ' • 

"Rear axle ring gears, drive pinions, transmission gears, bearing 
races and all such highly stressed, high -hardness parts con be 
greatly benefited by close control of liordenabiiity. The prime 
reason for this, again, is to prevent unfavorable trapped stresses, 
rather than to Insinre certain microstructures and hardness.'* 

A. L. Boegehold: Hardenabillty Control for Alloy Steel ' 

Ports . Metal Progress 53 (19ro) pp- 697 / 709 * 

(2) Yinc'yev stresses the effect of compressive stress (iii^osed by prior trans- 
formation of the core) on the temperature and rate of transformation of the 
carburised case. Although there has been some work on the effect of stresses 
on the transformation of austenite , the elgnlf icance ' of this factor in the case 
of carburized steel has not been previously en^ihasized. 

I 

y. I. ProDvirin: Effect of PressiAre on the Transformation 
of High Speed Steel . Vestnik Metallopromishlennosti 20 
1 1940 ) no. T- PpV"55/6l. I 

G. K. Manning: End-ftuench Hardenabillty YclrsuB Hardness of 
C^uenched Rounds . Metal ^ogress ^0 (19^6) |pp. bifi^652. 

G. J. Guarnieri and J. J. Kanter: Some Characteristics of 
the Metastable Austenite of k to 6^^^Q^iun 4« l/gjb ' 

Molybdenum Cast S^el . TASMTO ^i9ftU) pp.‘jilif7/ll&»-. 


M. D. Jepson and p. C. Thompson: The Acceleration of the 
Rate of Isothermal Transformation of Austenite. Jisi~162 

( 19 ^ 9 ) pp. '»-9/55I ^ 


H. Keerfeld and K. Mathleu: Zvjn Machanismus der Umwandlung 
des Eisens . Archiv fur das Eisenhuttenwesen 20 (1949) pp* 69 / 73 . 

M. Cohen: Retained Austenite # TASM (1^9) pp* 35/94. 


M. Cohen, E. S. Itochlin and V. G. Paranjpeij Thermodynamics of 
the Martensite Transformatio n ♦ Thermodynamics in l^iyaic^ 
Metallurgy . ASM (1930) PP* 242/270. ^ 


B. L. Aiserbach, S. G. Lorris and M. Cohen; Stress -Induced 
Transformation of Retained Austenite in Hardened Steel- TASM 
Ml- (1952) pp. T^£>/756; dloc. 756/757- 
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Both of the min factors conaidered By Yur'yev - size change and riesidual stresses 
iBiportance today. There is, as far as is known J no hook in 

subjects. If Yur'yev's hook is accepted as 
? 4 . ^ report on the development of the theoretical aspects of; carhtirizinE and 

nitridins, some of its inadequacies can he overlooked and. its truej Value properly 


227^paEoa?^^^^ Ternary and Quaternary flyatems . Moscow 1948. 

cJtoollent Dumual, dealing exclusively with the theory and mechanism of conotruc- 
quaternary phase diasramo. Obviously It would be j suitable only for 
^^uate BtudentB or others already thoroughly acquainted with binory phase dlamoms 
?, sufficiently simply and ekplloitly, however^ 

that rnGtallurcpl fltn mini -t-P-f. /a/1 ^ ^ 


I and quaternary 


be 


- — Cixiuwxy CLXiU OaPXXC 

t.iat metell\a:*Sl6tD so qualified would be able to construct terj^v 
dlagranis without additional giiidance. ■ 

English devoted solely to t^is subject. It 
o? Ph ^ considered, however, more or less as a supplement to j. S. I Marsh's Principles 
° £. ^/^soe Dlagrsjiia (McGraw-Hill Book Company, Inc.), since Marsh's hook was pubiiahed 
hFfore world n, and therefore before ternary 'and quater^y liS™ “ec^^S 

ei2th“SitLi of - t with thf combined seventh- 

eighth caition of uue classic E^nfuhrung in die MetalloRraphie . bv p. noe^r-P,,^ «« 

^ and H p ' . ' Wlester. Moreover, ^if Ge^ m^ textbook was pub! 

*^® Volovik-Zakharov book appeirL 

S!t principles and construction of -bfernary diatoms 

T diagrams. Of the Volovik-Zakharov hook, 110 j pages^are 

^ diapeams, and 111 to quaternary. This comparison is quite a tribute 

to the state of metallirgy and metallurgical education in tL USSR in ^ew of thf 
value placed on phase diagraiua and theoretical metallurgy n-f tv.is type in Germany. 

TOxe high quality of the Soviet work in this field is see.'i hy other Publication'^- usln^- 

ternai-y ^d quaternary diagrams, such as the work of B. H. Korni lov*l to whom acknow ^ 
ledgeinent is made in the introduction. A,urnj.j.ov,^ xo wnom acknow- 
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